Raised levels of the cardiac biomarker, Troponin I, are frequently encountered in hemodialysis patients and appear to be prognostic indicators for cardiovascular risk. Though evidence suggests that control of secondary hyperparathyroidism may reduce cardiac endpoints, the effect of the calcimimetic agent, cinacalcet, remains controversial. This retrospective study aimed at evaluating troponin levels in hemodialysis patients with severe secondary hyper parathyroidism (SHPT) who are on cinacalcet vs controls on conventional treatment. In addition, clinical outcomes including all-cause, cardiovascular morbidity and mortality were compared among both groups. A decline in Troponin I levels was observed in the cinacalcet group, this however was not translated clinically into improved survival. In fact, all-cause and cardiac mortality was similar in the two groups. Conversely, comparison of the incidence of cardiovascular events revealed lower rates in the cinacalcet group including cardiac, cerebral and peripheral vascular complications. Given some of our study limitations, further long-term, placebo-controlled trials are necessary to definitively establish the effect of cinacalet on cardiac biomarkers and ultimately its impact on clinical outcomes.
Introduction
Increased cardiovascular morbidity and mortality are observed in chronic kidney disease (CKD) patients that have been attributed to traditional and uremia-related risks. The latter includes secondary hyperparathyroidism (SHPT) associated factors with multiple potential mechanisms, most notably related to vascular calcification [1] induced by abnormalities in calcium phosphate balance. This may directly lead to myocardial ischemia, finally culminating in overt cardiac disease, as secondary hyperparathyroidism progresses. Moreover, clinical observations support the etiologic role for parathyroid hormone (PTH) in the development of cardio vascular disease, whereby lowering its levels by parathyroidectomy, for instance, is associated with reduced vascular event rates and mortality in dialysis patients [2] . It has therefore been postulated that alternate measures to control SHPT and calcium-phosphate imbalance may impact myocardial ischemia and cardiac outcomes [3] . Most promising in its treatment is the emergence of the calcimimetic agent cinacalcet, which in addition to improving the biochemical parameters, has been anticipated to potentially impact cardiovascular outcomes [3] .
On the other hand, since early detection is key to preemptive cardiovascular intervention, it follows that cardiac biomarkers' use is of tremendous clinical value, especially in CKD patients on dialysis. Though several cardiac peptides are available, troponin I appears more specifically for myocardial ischemia [4] - [7] and even serves as a prognostic indicators in dialysis patients [8] . It would hence be plausible that following troponin I trends may serve as possible markers of cinacalcet treatment effect on cardiac risk in these patients.
The aim of our study was to assess the effect of cinacalcet treatment on cardiac biomarker troponin I levels in patients on hemodialysis with severe SHPT. We also investigated the associated clinical outcomes in these patients compared to matched historical controls. The outcome measures included, in addition to overall and CV mortality, the composite CV event rates of myocardial infarction (MI), acute coronary syndrome (ACS), congestive heart failure (CHF), arrhythmia as well as cerebrovascular events (CVA) and peripheral vascular disease (PVD) complications.
Study Design & Methods
This was a retrospective review of 246 hemodialysis patients in our center. The study was conducted between March 2012 until September 2013. Included were 71 adults with end stage renal disease on regular dialysis for >6 months with severe SHPT who had been on cinacalcet for at least 6 months. The control group was a historical matched cohort also with secondary hyperparathyroidism but of moderate severity who were maintained on vitamin D analogs and not receiving cinacalcet. Severe secondary hyperparathyroidism was defined as levels of PTH more than six times the upper limit of normal. Excluded were unstable patients and those in pediatric age group.
Baseline PTH, calcium, phosphate, C-Reactive Protien and Troponin I levels were retrieved and tracked over the two year period of the study. In our unit, PTH and troponin levels are routinely measured every three months. For the cinacalcet group, these parameters were obtained at baseline prior to starting the treatment with cinacalcet. Morbidity and mortality outcomes were followed for 6 months beyond the follow up period and included composite rates (MI, ACS, CHF, arrhythmia), CVA and PVD complications as well as sepsis-related admissions and overall mortality.
Statistical Analysis
Quantitative data were presented as mean (SD) or median (P25-P75) as appropriate, categorical data were presented as proportions. The basic characteristics, the laboratory results and the outcome variables were compared between the Cinacalcet group and the historical control with the two independent samples t test or Mann Whitney U test for measured data and Chi square tests or Fisher Exact test for nominal data. Changes in laboratory values in the Cinacalcet group overtime from baseline to 12 and 18 months were analyzed with repeated measure ANOVA when the assumptions of the test were met or the Friedman analysis of variance by ranks when the assumptions were not met (Troponin I levels). Further comparison PTH, Tropinin I, calcium and phosphorus between baseline and 18 months in patients of the Cinacalcet group who suffered a cardiac event was performed using with paired t test and its non-parametric alternative the Wilcoxin Sign Rank test as appropriate. All reported P values were 2-sided and deemed significant when they reached a 5% level. Statistical analysis was conducted using the PASW 19.0 statistical package (IBM SPSS, Chicago, Illinois).
Results
Out of 71 adult hemodialysis patients with severe secondary hyperparathyroidism who were on cinacalcet, we retrospectively reviewed 63 adult patients (30 Male; 33 Female) with complete data. Their mean age was 55.4 ± 16 years with duration on HD ranging between 12 and 243 months averaging 74 ± 58 months. Associated co-morbidities, shown in (Table 1) , included hypertension 78%, diabetes 44%, ischemic heart disease (IHD) 33%. The control cohort was comprised of 40 adult patients (23 Male: 17 Female) with end stage renal disease on regular hemodialysis with moderately severe secondary hyperparathyroidism who were on Vitamin D or analogs but not receiving cinacalcet treatment. Their mean age was 60.4 ± 15 years and mean duration on HD of 46 ± 89 months with the following comorbid conditions: hypertension 80%, diabetes 53%, IHD 35% ( Table 1) . None of the differences in baseline demographics achieved statistical significance except for dialysis vintage which was significantly longer in patients on cinacalcet (p < 0.01).
PTH Levels decreased from baseline at 12 and 18 months, but the difference only achieved statistical significance with the latter interval. Similarly, although Troponin I levels tended to decrease at 12 months, a statistically significant decrement was noted only at 18 months. Conversely, calcium x phosphate product decreased significantly at both time periods however, C-reactive protein values decreased by 23% and 53% at 12 and 18 months respectively, but the difference did not reach statistical significance ( Table 2) .
Further statistical analysis was undertaken, where patients were paired serving as their own controls during follow up over the designated time periods. Data as shown in (Table 3 ) revealed a decrease in PTH levels at 12 and 18 months, the difference from baseline significant only at 18 months (p = 0.026). In parallel, a statistically significant decrease of Troponin I was noted at 12 months (p 0.045), this however was not sustained at 18 months. CRP values decreased by 30% and 73%, at 12 and 18 months respectively but the difference was not significant. One way repeated measure ANOVA comparing Calcium x Phosphate product at baseline, 12 and 18 months revealed a significant drop at both time points (p < 0.001).
Comparison of clinical outcome measures between patients receiving cinacalcet and the control group, revealed similar incidence of all-cause mortality of 10% in each. Cardiac mortality accounted for 50% in both groups, with no between group statistical difference. A comparison of the incidence of composite cardiac events revealed 33% in the cinacalcet group versus 68% in the control group as shown in (Table 4) . This increased event rate in the controls was also observed for CVA and PVD complications although the latter approached yet did not achieve statistical significance (p = 0.07). Episodes of sepsis were similar in both groups averaging 20%.
Clinical Outcomes/End Points
Further subgroup analysis of patients on cinacalcet who suffered the cardiac events (Table 5 ) indicated a significantly higher troponin I levels at baseline and 18 months, the latter highly significant (p < 0.009). PTH levels on the other hand, were statistically more increased at baseline in these patients but this difference was not maintained at 18 months, likely demonstrating cinacalcet treatment effect.
Discussion
Our results demonstrated an association between reduction in PTH levels induced by cinacalcet and a decline in levels of Troponin I. This was observed in patients with severe secondary hyper parathyroidism after a relatively short period on treatment and with only modest improvement in their biochemical profiles. Moreover, the calcimimetic treatment was initiated late in the course of the disease and its dosing was not maximized (average daily dose 45 mg). Despite this, the findings suggest a possible link between cinacalcet-induced PTH reduction and a possible cardioprotective effect reflected by decreased troponin levels. There is supportive evidence in the literature for the role of PTH. Secondary hyper parathyroidism, increased the cardio vascular risk, seen in chronic kidney disease (CKD) with a number of plausible mechanisms [9] - [14] . These include direct effects on atherogenesis via vascular calcification and remodeling, induction of LVH, cardiac calcification and fibrosis, in addition to its key regulatory role on factors involved in mineral metabolism and homeostasis such as hypercalcemia, hyperphosphatemia, vitamin D deficiency, which may individually have direct detrimental myocardial ef-fects [11] [15]- [19] . Interestingly, PTH has also been implicated with predicting cardiovascular (CV) mortality even in normal individuals with plasma levels well within normal range [9] .
Additionally, indirect evidence for the contributions of secondary hyperparathyroidism to cardiac disease comes from the noted association between serum alkaline phosphatase levels and coronary artery calcification in HD patients [11] . Moreover, measures which lower PTH levels, such as parathyroidectomy, have been associated with reduced vascular event rates and mortality in dialysis patients [2] . Similar findings have been reported with renal transplantation [20] . In addition, a lowered incidence of CV disease has also been observed with calcimimetics use, not only in patients with secondary hyperparathyroidism but also in those with primary hyperparathyroidism [18] [21] . The effects of calcimimetics remain controversial however, with some studies like the ADVANCE [22] showing promising results with reduced vascular calcification scores in HD patients, whereas others demonstrating no outcomes benefit as will be discussed. In the recently published metaanaysis by Zhang, 15 large studies in end-stage renal disease patients with secondary hyperparathyroidism were reviewed [12] . This trial demonstrated effective improvement of biochemical parameters by cinacalcet without increasing all-cause of mortality or adverse events but conversely no advantages were noted either. However, a major limitation of this trial was the few number of studies available as well as the small number of subjects and short duration of follow-up. Similar findings were reported by Palmer [23] in another large meta-analysis with data from 18 trials, whereby the use of cinacalcet conferred no significant benefit for all-cause mortality in patients with stage 5D Chronic Kidney Disease. Nevertheless, the investigators reported "uncertain" effects on cardio vascular outcomes. The results are hence inconclusive since in addition as with all metaanalysis, their generalizability is limited by protocol herterogeneity and differences in study population. We must therefore seek evidence from randomized clinical trials, though there has been few.
Nonetheless, the long awaited EVOLVE trial [24] showed these same findings with similar mortality outcomes in patients on cinaclacet compared to those on conventional treatment. There were however, some limitations to this well designed and executed trial. These included a high dropout rate of 20% and an additional 20% of patients in placebo group who were actually receiving commercially available cinacalcet [25] . As importantly, the difference in age though small, may have had great importance in dialysis patients [25] . Hence post hoc secondary analysis might actually be signaling some benefits [25] . Namely after adjusting for age and other comorbidities, a significant reduction of 12% was observed in the composite end point of death or major CV events [25] . Furthermore, censoring of data at 6 months after drug discontinuation found 15% reduction in primary composite and 17% in mortality with cinacalcet [25] . It therefore remains speculative whether the EVOLVE trial may in fact be marginally positive in favor of cinacalcet.
In our study, we noted a similar lack of cinacalcet treatment impact on all -cause and cardiac mortality. Interestingly however, our data demonstrated significantly lower cardiovascular event rates in the cinacalcet-treated group versus controls. This was seen despite longer dialysis vintage in the former which was not in their favor. There are some demographic variables in our study which may be potential confounders of the witnessed results, namely the older age of the control cohort and the higher proportion with diabetes. None of these differences however, achieved statistical significance. On the other hand, the cinacalcet group had more severe SHPT reflected by higher PTH levels which along with their longer duration on dialysis, may actually predispose to increased CV risk.
Moreover, it appears that the subgroup of patients with cardiac events had higher baseline troponin levels vs their non-cardiac events counterparts. Since troponin I is a specific biomarker for myocardial ischemia, this may explain in part their increased CV risk. It would hence be plausible that following troponin I trends may serve not only as possible marker of cinacalcet treatment effect on cardiac risk but suggests its utility as an overall prognostic indicator.
Finally, the paired group analysis showed an early drop in Troponin I levels at 12 months with non-significant changes in PTH levels, perhaps suggesting PTH-independent effects on the cardiac biomarker levels. The role of inflammation is possible, given the strong association described between chronic inflammatory markers (CRP) and disturbance of bone mineral metabolism in chronic hemodialysis patients [26] . This however, was not confirmed by our findings with no significant time variation in CRP levels. Unexplained in addition, is the nonsustained decline in troponin levels in this subgroup at 18 months, a time when PTH levels dropped significantly. These observations may be explained by additional unrelated factors or may have little clinical significance possibly due to our small sample size. All in all, given our study limitations which include the short duration, its retrospective nature, suboptimal cinacalcet dosing as well as late initiation, these findings require confirmation with appropriately designed prospective trials.
Conclusion
Our results suggest an association between reduction in PTH levels induced by cinacalcet and a decline in levels of Troponin I with demonstrably lower cardiovascular event rates. This however was not linked to an observed mortality benefit in the treated group. There are some potential confounders which may account for our findings including possible selection bias, however, clearly the pathophysiologic mechanisms are plausible and observations are warranting further investigation. Moreover, the raised baseline troponins in the subgroup of cinacalcettreated patients with cardiac events may suggest utility of this biomarker in risk stratification. Large long-term placebo-controlled prospective trials are needed to explore this further and establish the clinical implications of calcimimetic treatment of secondary hyperparathyroidism on cardiovascular outcomes before the jury is out on cinacalcet.
